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The joint association between education and polygenic risk score for incident coronary heart 
disease events: a longitudinal population-based study of 26 203 men and women 
 
ABSTRACT 
Background: Genetic vulnerability to coronary heart disease (CHD) is well established, but little is 
known whether these effects are mediated or modified by equally well-established social 
determinants of CHD. We estimate the joint associations of the polygenetic risk score (PRS) for CHD 
and education on CHD events.  
Methods: The data are from the 1992, 1997, 2002, 2007 and 2012 surveys of the population-based 
FINRISK study including measures of social, behavioural and metabolic factors, and genome wide 
genotypes (N=26 203). Follow-up of fatal and non-fatal incident CHD events (N=2063) was based 
on nationwide registers.  
Results: Allowing for age, sex, study year, region of residence, study batch and principal components, 
those in the highest quartile of PRS for CHD had strongly increased risk of CHD events compared to 
the lowest quartile (HR=2.26; 95% confidence interval: 1.97, 2.59); associations were also observed 
for low education (HR=1.58; 95% confidence interval: 1.32, 1.89). These effects were largely 
independent of each other. Adjustment for baseline smoking, alcohol use, body mass index, HDL and 
total cholesterol, blood pressure and diabetes attenuated the PRS associations by 10% and the 
education associations by 50%. We do not find strong evidence of interactions between PRS and 
education. 
Conclusions: PRS and education predict CHD events, and these associations are independent of each 
other. Both can improve CHD prediction beyond behavioural risks. The results imply that 
observational studies that do not have information on genetic risk factors for CHD do not provide 
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What is already known on this subject? 
 
• Both socio-economic and genetic factors are associated with coronary heart disease (CHD).  
• However, little is know with respect to whether the effects of genetic factors on CHD are 
mediated or modified by socio-economic factors.   
What this study adds? 
 
• Polygenic risk score for CHD and education are strongly and independently associated with 
CHD events in a representative sample of 26 203 Finns.  
• The CHD risk score and education are only modestly correlated with each other, and the 
effects of polygenic risk score for CHD on disease events are only weakly mediated or 
modified by education.  
• The association between education and incident CHD events is only weakly confounded by 








Coronary heart disease (CHD) is the leading cause of death in high income countries (1). Especially 
in the northern part of Europe and the US, it also contributes substantially to socio-economic 
differences in mortality (2). Differences in CHD incidence and mortality have been found using 
several indicators of socio-economic position such as education (3), occupation-based social position 
(4) and income (5). These associations are at least partly mediated by the risk factors of CHD, and 
socio-economic differences have been found in CHD risk factors such as obesity (6) as well as 
smoking, blood pressure, glucose and lipid levels (7).  
Genetic factors also affect the risk of CHD and its risk factors. Previous twin studies estimate that 
around 70–80% of the variation of body mass index (BMI) (8, 9), 50–60% of the variation of blood 
pressure (10), and 40–60% of the variation of blood lipids (11) in adulthood can be explained by 
genetic differences between individuals. Studies on the heritability of CHD incidence on twins are 
relatively rare (12), but a Swedish study found that the heritability of CHD mortality is 57% in men 
and 38% in women suggesting that a clear genetic component can be found for CHD incidence (13). 
This finding is supported by higher concordance rates of CHD mortality in mono- than in dizygotic 
twins in a pooled study of Nordic twin registers (14).  More recent GWA studies indicate a SNP 
heritability of around 15–25% for major CHD events (15,16).  
Genome wide association (GWA) studies allow to identify loci associated with increased CHD risk 
and to create polygenetic risk scores (PRS) for predicting CHD. Through the accumulation of known 
genetic polymorphisms, the variation explained by genetic factors has increased: a GWA meta-
analytic study of CHD identified tens of loci associated with CHD risk (17) and a large consortium 
using genomic scans of nearly 200 000 individuals found 62 loci explaining 10–15% of the variation 
in key indicators of blood lipids (18). Also BMI is highly polygenic with those in the highest decile 





known loci also predicted cardiovascular disease incidence in the Framingham Hart Study (hazard 
ratio=1.05 per allele adjusted for traditional risk factors) (20). More recent analyses of PRS on 
incident CHD events in the FINRISK and Framingham Heart Study cohorts indicate an odds ratio of 
1.74 (95% CI: 1.61, 1.89) per standard deviation (SD) and 1.28 (95% CI: 1.17, 1.41) per SD 
respectively (21).  
It is, however, unclear how much environmental factors modify the effects of these PRSs. For 
example, prior studies have found that the polygenetic risk scores for BMI are more strongly 
associated with BMI in physically inactive persons than in active persons (22); results consistent with 
previous twin study findings (23). Thus, physical activity seems to suppress the effect of genetic 
variants predisposing to obesity. Similar interactions have been observed for other types of 
obesogenic environments and social deprivation (24,25). However, little is still known about whether 
social factors may modify the genetic risk of CHD.  
We assessed the following research questions: (i) is genetic predisposition for CHD associated with 
CHD events through its association with education; (ii) is genetic predisposition for CHD more 
strongly associated with CHD events in people with lower education; and (iii) are these effects 
mediated through established CHD behavioural and metabolic risk factors? The analyses are based 
on the FINRISK Study (26), which includes measures of key behavioural and metabolic risk factors 
of CHD, register based follow-up of incident CHD events, various measures of socio-economic 
circumstances and PRS for CHD (N=26 203).  
DATA AND METHODS 
Participants 
We used the FINRISK risk factor surveys carried out by The Finnish Institute for Health and Welfare 
(26) in 1992, 1997, 2002, 2007 and 2012 in North Karelia, Northern Savonia, Turku and Loimaa, 





Northern Ostrobothnia and Kainuu. The data represent the populations in the study regions well. For 
each survey, an independent random sample was drawn from the national population register 
stratified by sex and 10-year age group from the population aged 25–74 years separately for each 
survey area. For the 1992 survey, the sample drawn was aged 25–64 years. The baseline varies for 
subjects participating in the five different survey collection points. In the rare cases that a respondent 
had participated in more than one survey, only the first participation was considered in this study. 
Participation rates varied from year to year, showing a downward trend with rates about 77% in 1992 
and around 60% in the most recent survey. To ensure comparable data on risk factor trends, the 
methodology of the surveys has been kept as similar as possible. Ethical approval has been obtained 
according to required procedures over the study years. The Coordinating Ethics Committee of the 
Helsinki and Uusimaa Hospital District approved the study, which followed the declaration of 
Helsinki. 
The surveys included 1) a self-administered questionnaire, 2) physical measurements and 3) blood 
samples. The questionnaire, together with an invitation to the health examination, was sent by mail 
to all participants. In addition, information from the cause of death register, hospital discharge 
register, prescribed drug purchase and drug reimbursement registers were linked with the sample. 
We used a PRS for CHD based on 49 310 single-nucleotide polymorphisms (SNP), developed in 
multiple cohorts including the FINRISK and Framingham Heart Studies (19). We obtained the 
GWAS data for FINRISK participants through several study projects using different GWAS chips 
and therefore adjusted for the GWAS batch as a factor variable. We adjusted for the ten first principal 
components derived from the genome wide data to control possible population stratification. We 
imputed the GWAS data using 1000 genomes, phase 3 reference panel. The PRS was calculated by 
adding numbers of risk alleles and using the logartihmized odds ratios as relative SNP weights as 





Tada et al (27). Education was based on the highest attained education level reported in the 
questionnaire: tertiary education, high school, vocational training and basic education. 
Behavioural and metabolic risk factors including smoking, alcohol use, BMI, blood pressure, 
cholesterol, and diabetes were incorporated as potential mediators. Smoking and alcohol use were 
assessed by structured questions in the self-administered questionnaire. Participants were classified 
as current smokers, former smokers and never smokers. Former smokers had smoked regularly, but 
quit at least 6 months before the survey. Based on detailed information on the amount of different 
types of alcoholic beverages during the past week, participants were classified as non-drinkers, low 
moderate drinkers (<35 g ethanol per week), high moderate drinkers (35–100 g ethanol per week) 
and heavy drinkers (>100 g ethanol per week).  
Blood pressure as well as height and weight were measured in the physical examination. Systolic and 
diastolic blood pressures were measured twice or three times, and the mean of these measures was 
used in this study. BMI was calculated as weight in kilogrammes divided by squared height in metres. 
Total and HDL cholesterol were determined from frozen serum samples at the central laboratory of 
the Finnish Institute for Health and Welfare. We used systolic and diastolic blood pressures, BMI and 
total and HDL cholesterol as continuous variables in all analyses. Prevalent diabetes at the time of 
the survey was identified from the hospital discharge register (ICD-8/9 code 250 and ICD-10 codes 
E10–14), and the records of prescription drug purchases (ATC class A10) and entitlement to special 
reimbursement for diabetes medication (Finnish disease code 103 for diabetes mellitus). 
Altogether, 27 284 participants had genotypes available for PRS calculation. Those with pre-baseline 
CHD (n=636) and with missing information on any of the covariates (n=365) were excluded from the 
analytic sample. Thus, we analysed 26 203 participants free from CHD at baseline and followed for 
CHD death or hospitalisation from the time of the survey to the end of 2015. Censoring was at the 
end of follow-up or death from other causes than CHD; emigration was negligible. CHD event was 





410 and 4110 (years 1992–1995) and 10th revision codes I200, I21 or I22 (1996–2015) and 
NOMESCO codes for coronary artery bypass graft (CABG) or percutaneous  coronary intervention 
(PCI) in the hospital discharge register, and for fatal cases as ICD-9 codes 410–414 and 798 (not 
7980A) and ICD-10 codes I20–25, I46, R96 and R98 in the causes of death register. Fatal and non-
fatal CHD events in the Finnish hospital discharge and cause of death registers are valid indicators 
when compared with the FINMONICA register data; with a sensitivity of 83% and a positive 
predictive value of 90%. Only 1–4% of cases classified as MI or CHD in the FINMONICA register 
had ICD codes unrelated to CHD in the hospital discharge and cause of death registers (28).  During 
the mean follow-up of 13.8 years, we observed 2063 incident CHD events. 
Statistical analyses 
The associations between PRS quartiles, education and incident CHD events were estimated with 
Cox proportional hazard models, using age as the time scale. To avoid small number of observations, 
we combined men and women for these analyses and adjusted for sex. Sex specific analyses are 
available in Supplementary table 1. The results are highly similar between men and women. Visual 
inspection of log-log plots implied that the proportional-hazards assumption was not violated. In 
model 0, hazard ratios (HR) and their 95% confidence intervals (CI) for incident CHD events were 
estimated separately by PRS quartile and education, controlling for sex, study year, area, principal 
components and batch. In model 1, PRS and education were mutually adjusted, and model 2 further 
adjusted for behavioral and metabolic risk factors for CHD. We tested the interactions between PRS 
and education in model 0. In these models, PRS was treated as a continuous measure or further 
divided into six groups from the 12.5th, 25th, 50th, 75th and 87.5th percentiles in order to observe 
nonlinear associations. Before the interactions between PRS and education were tested, model terms 
were also introduced for the interactions between education and all the control variables as well as 






At baseline the participants were aged around 48 years and mostly with basic or vocational education 
(Table 1). About 31% of men were current smokers and 35% drank more than 100 g ethanol per 
week; the corresponding figures were 20% and 10% among women. The level of metabolic risk 
factors was relatively high. PRS for CHD was relatively evenly distributed by education, although 
those with higher education had somewhat lower mean PRS in males (Figure 1; P value for 
categorical education  and PRS men=0.019 and women P=0.351).  
Both PRS and education were strongly associated with incident CHD hospitalisation or death among 
participants free of CHD at baseline (Table 2, model 0). With age as the time-scale and adjusted for 
sex, study year, region of residence, batch and the ten principal components derived from the genome-
wide data, those in the highest PRS quartile had a HR of 2.26 (95% CI: 1.97, 2.59) for incident CHD 
events compared to those in the lowest PRS quartile. Similarly those with basic education had a HR 
of 1.58 (95% CI: 1.32, 1.89) as compared to those with tertiary degrees. Both these associations were 
monotonic over the PRS categories. Incorporating PRS and education in the models simultaneously 
had relatively little contribution to these excess risks (model 1). Further adjustment for baseline 
diabetes, smoking, BMI, alcohol use, HDL and total cholesterol and blood pressure attenuated the 
association of education on CHD events by about 50% (model 2), but only about 10% for the 
association between PRS and CHD events. Finally, we evaluated the interactions between PRS and 
education; those with basic or vocational education and high PRS had increased risk for CHD events 
(Figure 2; panel A). Further adjustment for behavioral risk factors attenuated the education main 
effect but not the interaction effect (Figure 2; panel B). However, overall these interaction effects 
were rather modest. 
DISCUSSION 





Using data on a representative population-based sample of about 26 000 Finns recruited from risk 
factor surveys from 1992 to 2012, we show – consistent with prior studies using this and other samples 
(21,30,31) – that among participants free of CHD at baseline, PRS for CHD is strongly associated 
with incident CHD hospitalisation or death. Those in the highest quartile of the risk score compared 
to those in the lowest quartile were about twice as likely to be hospitalised for or die from CHD. This 
is comparable to the effect of having basic as opposed to tertiary education. Furthermore, we 
demonstrated that (i) the PRS for CHD and education are only weakly correlated with each other, (ii) 
the effects of PRS are thus only weakly mediated by education, and (iii) both associations are to some 
extent attenuated by adjustment for baseline alcohol, smoking, BMI, cholesterol, blood pressure and 
diabetes. This attenuation is modest for the PRS but about half for education. Those with basic or 
vocational training and high PRS had particularly high CHD risk. 
Interpretation 
PRS and education proved to be two strong and rather distinct determinants of CHD events. The 
effects of education are well known and expected, and their size is consistent with previous studies 
(32). More variability in the estimates of PRS on CHD events are observed in the literature. Partly 
these reflect differences in the PRS measures themselves – with new modifications published at 
regular intervals – partly that in populations with different ancestry the predictive power of PRS vary 
(33). The results further demonstrate that the correlation between PRS and education was modest and 
incorporating both measures in the same regression model led to only modest attenuation of effects. 
On the one hand, these findings suggest that the effect of PRS on CHD events is not mediated by 
education, and on the other hand that the effect estimates for education are not explained by 
underlying genetic risk. Our results are consistent with studies using both school reforms as natural 
experiments (34) and Mendelian randomization studies (35) that demonstrate robust effects of 
education on health. Often the effect sizes for education that are obtained from such studies are similar 





The behavioural and other risk factors were only measured once at baseline. Because of both 
measurement error and inadequacy of capturing life-time exposure to these risk factors with single 
measurements, we are underestimating the contribution that these factors have in mediating the 
effects of both PRS and education on incident CHD events. It is, however, a common finding in the 
literature that the associations between PRS and CHD are not mediated by these well known 
behavioural risk factors (19, 29). It thus seems likely that genetic risk influences CHD partly through 
more direct biological pathways that are not associated with behaviours. Overall, the effects of high 
PRS on CHD represent the combined influences of multiple pathways associated with genetic 
vulnerability. In thus study approximately 50% of the association between education and CHD events 
was attenuated by the inclusion of these risk factors, a finding consistent with earlier studies. Previous 
evidence also raises the possibility that this is an underestimate. For example, indirect estimates – e.g. 
based on lung cancer mortality rates – for the contribution of smoking alone indicate that as much as 
50% of socioeconomic differentials in all-cause mortality among men are driven by smoking (36). 
Also alcohol consumption contributes to levels and trends in social differentials in mortality in many 
countries (37).  
The effects of higher genetic risk on CHD events appear to be slightly exacerbated among those with 
low education. The motivation to search for gene-enviroment interactions is that environmental social 
risk factors may activate genes predisposing to CHD. Measures of social position are broad but still 
objectively measured determinants of CHD, and they are well-known to be associated with CHD risk 
factors. Previous evidence has shown PRS effect modification with the well-established behavioural 
CHD risk factors such as smoking, BMI, cholesterol, and blood pressure (19, 22). We adjusted for 
these factors and observed that while the effects of education on CHD events were attenuated, the 
tentative interaction could not be attributed to these risk factors alone. Overall, the results indicate 







In Finland – like elsewhere – survey participation rates have declined over time, although our samples 
have had comparatively high rates also more recently. Additional analyses in supplementary table 2 
shows that the results we obtain from the 1992 with the highest response rate (about 75%) are very 
similar to the results from the full sample.  
The PRS that we used have been developed in an international multi-center consortium and validated 
against external CHD events data (21). Supplementary analyses (Supplementary table 3 and 
supplementary figure 1) show that an alternative PRS for CHD obtained from Tada et al. (27), confirm 
our main result that PRS for CHD and education predict CHD events independently. Our estimates 
of the effects of education on CHD events correspond well with similar estimates obtained elsewhere 
(27). However, as the discovery GWAS studies become larger, new PRSs for CHD will increasingly 
capture meaningful genetic variation. Our findings on interactiions may thus be provisional in the 
sense that they may change as more powerful PRSs become available. 
Overall, our data represent the Finnish target population well, and the results are likely to have 
broader generalizability to other high-income countries. However, PRSs have mainly been 
developed in relatively homogenous populations with European ancestry and generalization to 
populations with differing ancestries should be carried out with caution (33). Replication of these 
analyses in other population-based studies are needed to confirm our results, in particular as they 
relate to the interaction between education and PRS. To further understand these interactions in 
detail future studies could incorporate information on PRS for education. 
Conclusions 
In summary, we show that PRS for CHD and education strongly predict CHD events, and that these 
effects are to a large extent independent of each other. PRS together with individual social 





association between education and CHD events is strongly attenuated by the well established 
behavioural and metabolic risk factors. However, it remains partially unclear how the information on 
improved prediction associated with PRS can help practice as these effects appear to be mostly 
unrelated to known modifiable behavioral risks. Nevertheless, identification of those with higher 
genetic risk for CHD in clinical settings may still be useful, because previous evidence indicates, for 
example, that they may disproportionally benefit from statin treatment to prevent CHD (38). Overall, 
our results show that when building the next generation of CHD risk estimation tools with genetic 
data, it is also important to take social factors such as the educational level into account. The results 
further indicate that observational studies without information on genetic risk for CHD do not provide 







Table 1. Distribution of study population by baseline characteristics, FINRISK Study, Finland, 
1992–2015. 
 
 Men Women 
  n % n % 
PRS quartile     
1 Low 3138 25.6 3413 24.5 
2 3094 25.3 3460 24.8 
3 2999 24.5 3552 25.5 
4 High 3017 24.6 3530 25.3 
     
Education     
Tertiary 1803 14.7 2308 16.5 
Upper secondary 2597 21.2 4051 29.0 
Vocational training 3661 29.9 3094 22.2 
Basic 4187 34.2 4502 32.3 
     
Region of residence     
North Karelia 2627 21.5 2918 20.9 
North Savonia 2269 18.5 2697 19.3 
Turku/Loimaa 2389 19.5 2763 19.8 
Helsinki/Vantaa 2747 22.4 2988 21.4 
Oulu province 1739 14.2 1985 14.2 
Lapland 477 3.9 604 4.3 
     
Smoking     
Never smoker 4984 40.7 8850 63.4 
Former smoker 3447 28.1 2274 16.3 
Current smoker 3817 31.2 2831 20.3 
     
Alcohol use     
Non-drinker 1611 13.2 2562 18.4 
Low moderate drinker (<35 g ethanol/week) 3317 27.1 7184 51.5 
High moderate drinker (35-100 g 
ethanol/week) 3094 25.3 2809 20.1 
Heavy drinker (>100 g ethanol per week) 4226 34.5 1400 10.0 
     
Diabetes 885 7.2 866 6.2 
     
  Mean SD Mean SD 
Age 48.9 13.4 48.0 13.3 
Body mass index (kg/m2) 27.1 4.1 26.4 5.1 
HDL cholesterol (mmol/l) 1.3 0.3 1.6 0.4 
Total cholesterol (mmol/l) 5.5 1.1 5.5 1.1 
Systolic blood pressure (mmHg) 138.2 18.4 132.4 20.2 
Diastolic blood pressure (mmHg) 83.1 11.5 78.5 10.8 
Total 12 248  13 955  





Table 2. Distribution (%) of the study population and hazard ratiosa for coronary heart disease 
hospitalisation or death by polygenetic risk score for coronary heart disease and education group 
(n=26 203), FINRISK study, Finland, 1992–2015. 
PRS and education 
group 
  Model 0b Model 0b Model 1c Model 2d 
% HR 95% CI HR 95% CI HR 95% CI HR 95% CI 
PRS quartile                   
1 Low 25.0 1.00 Referent     1.00 Referent 1.00 Referent 
2 25.0 1.29 1.11, 1.49     1.29 1.12, 1.49 1.24 1.08, 1.44 
3 25.0 1.57 1.36, 1.81     1.57 1.37, 1.81 1.50 1.30, 1.73 
4 High 25.0 2.26 1.97, 2.59     2.27 1.98, 2.61 2.12 1.84, 2.43 
                    
Education                   
Tertiary 15.7     1.00 Referent 1.00 Referent 1.00 Referent 
High school 25.4     1.11 0.91, 1.37 1.12 0.91, 1.38 1.04 0.85, 1.28 
Vocational training 25.8     1.47 1.21, 1.78 1.49 1.23, 1.80 1.30 1.07, 1.57 
Basic 33.2     1.58 1.32, 1.89 1.60 1.34, 1.91 1.29 1.08, 1.55 
CI, confidence interval; HR, hazard ratio; PRS, polygenetic risk score for coronary heart disease 
a All models adjusted for sex, region of residence, calendar year, study batch and principal components 
b Hazard ratios for PRS and education from separate models 
c PRS and education mutually adjusted 
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